The substrate specificity of an intracellular proteinase from Streptococcus lactis was investigated in an effort to understand the role of the enzyme in the cell. Peptides in which the N-terminal residue was glycine were not hydrolyzed by the enzyme (exceptions were glycyl-alanine, glycyl-aspartic acid, and glycyl-asparagine), but the peptide was hydrolyzed if the N-terminal residue was alanine. The enzyme also showed activity toward peptides containing aspartic acid or asparagine. Hydrolysis of only the peptide bonds of alanyl, aspartyl, or asparaginyl residues was confirmed by the action of the enzyme on oxidized bovine ribonuclease A-and Bchain insulin. The N-terminal residues of the peptide fragnents liberated were identified. The enzyme attacked both substrates only at alanyl, aspartyl, and asparaginyl residues, releasing these as free amino acids. In addition to alanine, aspartic acid, and asparagine, certain other amino acids were liberated from ribonuclease A, but these were accounted for by the relation of their position to alanine, aspartic acid, and asparagine residues.
When lactic streptococci are propagated in milk, they become dependent upon their proteinase enzyme systems to degrade milk proteins to utilizable forms. This dependence upon an organic nitrogen source can be attributed, in part, to the organisms' requirement for leucine, isoleucine, methionine, valine, glutamic acid, and histidine (6, 9) . Peptidases from Streptococcus lactis have been isolated which hydrolyze peptides containing essential amino acids (10) . Also, dipeptides containing either L-leucine or L-valine have been observed to satisfy the nutritional requirement of S. lactis for these amino acids when cells are grown on a chemically defined medium (8) .
We have recently purified the intracellular proteinase from S. lactis (Cowman et al., in preparation). This proteinase exists in a monomerdimer equilibrium (2) . The form which predominates is temperature-dependent, but both forms possess enzymatic activity. To aging, the activity of the enzyme toward peptide and protein substrates was examined.
MATERIALS AND METHODS Enzyme. The intracellular proteinase of S. lactis was purified by passing the supernatant fraction of sonically disrupted cells through a series of Sephadex gel and diethylaminoethyl (DEAE) Sephadex chromatography columns. During purification, activity of individual tubes of eluate was measured with casein used as substrate. In the final step of purification, elution from Sephadex G-100, the ratio of activity to absorbance remained a constant value throughout the elution profile. Preparations of the purified enzyme also were homogeneous to movingboundary electrophoresis at pH 3.0, 3.5, 4.0, 4.5, 5.5, 6.0, 7.0, 8.0, and 9.0, as determined in different buffers. The enzyme also was observed to be homogeneous to sedimentation ultracentrifugation. An impurity in the preparation of up to 5% may not have been detectable by these procedures, but rechromatography and studies of the associationdissociation equilibria (2) and the constant specific activity of all the eluting protein suggest that the enzyme is homogeneous. The enzyme has recently been obtained in crystalline form. The complete and detailed procedure for purification will be described elsewhere (Cowman et Enzymatic hydrolysis of ribonuclease and insulin. A 20-mg amount of either oxidized ribonuclease or oxidized B-chain insulin was dissolved in 5.0 ml of 0.05 M sodium phosphate buffer (pH 7.0). The pH of each substrate solution was readjusted to 7.0, if necessary, by use of 0.1 N HCl or 0.1 N NaOH. The substrate solution was tempered to 37 C and transferred to a vial containing 2.0 mg/ml of enzyme of the same temperature. The vial was sealed and incubated at 37 C for 24 hr.
Identification of the peptide fragments of the enzymatically hydrolyzed ribonuclease and insulin proceeded in a stepwise manner as follows.
Step I. Reaction of hydrolysate with 1-fluoro-2,4-dinitro-benzene (FDNB). The hydrolyzed ribonuclease or insulin mixture was treated with a solution of 2.0 ml of 95% ethyl alcohol containing 5% (v/v) FDNB for 2 hr at 37 C. Nonhydrolyzed substrate and enzyme reacted with FDNB giving insoluble DNP derivatives which were removed by centrifugation. The yellow supernatant fluid was decanted and stored at 3 C until used.
Step IL Chromatography of supernatant fluid on Sephadex G-10. A 2-ml amount of the supernatant fluid was applied to a Sephadex G-10 column and eluted with 0.05 M sodium phosphate buffer (pH 7.0). The absorbance of the eluate was monitored continuously, by use of a 265 m,u filter, and the profile was recorded. After chromatographic separation, tubes comprising the same fraction were collected and concentrated by evaporation in vacuo to 4.0 ml.
Step III. Chromatography on Sephadex G-25. The fraction (fraction 1) which was eluted in the void volume from Sephadex G-10 was concentrated to 2.0 ml and rechromatographed on Sephadex G-25 with 0.05 M sodium phosphate buffer (pH 7.0) as eluting agent. Tubes of eluate comprising a similar component were collected, concentrated, and stored at 3 C.
Step IV. Homogeneity of the separated fractions. Each fraction was chromatographed by two-dimensional paper chromatography with the solvent systems described above. The spots appearing in the individual fractions were compared with a chromatogram of the unfractionated mixture.
Step V. Acid hydrolysis ofDNP peptides. When the locations of all peptides were confirmed, the fractions were evaporated to dryness. The dried material was dissolved in constant boiling HCl (5.7 N) , placed in vials, evacuated, and sealed. The sealed tubes were heated at 121 C for 20 hr. After hydrolysis, the DNP amino acids were extracted with diethyl ether until the aqueous phase became colorless. The aqueous phase was evaporated to remove HCl and retained for determination of other amino acids present in the peptides.
Step VI. Final identification of DNP amino acids. The ether extracts containing DNP amino acids were spotted on Whatman no. 3 paper and chromatographed two-dimensionally. The Glycyl-DL-phenyl-DL-Alanyl-DL-phenylalanine alanine Glycyl-glycine Alanyl-alanine Glycyl-DL-methionine DL-Alanyl-DL-methioGlycyl-valine nine
Glycyl-glycyl-glycine Glycyl-L-aspartic Glycyl-DL-norvaline Glycyl-tryptophan Leucyl-DL-isoleucine a No hydrolysis observed within 24 hr at 37 C.
nonhydrolyzed protein and enzyme. The supernatant fraction was first chromatographed on Sephadex G-10 and was eluted with 0.05 M sodium phosphate buffer (pH 7.0); the eluate was monitored by absorbance at 265 m,. The supernatant fluid was eluted as nine different peaks (Fig. 1 ). Fraction 9 (not shown) was eluted after approximately 1 liter of eluate was collected. Tubes of eluate comprising the same fraction (dotted lines, Fig. 1 ) were collected and concentrated. After concentration, the separated fractions were stored for 24 hr at 3 C, during which time crystalline material accumulated in fractions 2 and 3. The crystals were removed by centrifugation, redissolved in water, and designated as fractions 2A and 3A. The supernatant fluids were designated as 2B and 3B.
Fraction 1 was eluted in the void volume from Sephadex G-10, and after concentration was rechromatographed on Sephadex G-25 with 0.05 M sodium phosphate (pH 7.0) as the eluting buffer. As a result, this fraction was further separated into four subfractions, 1A, B, C, and D (Fig. 2) . Fraction 1A was eluted in the void volume, indicating a molecular weight >5,000. This fraction remained at the origin during two-dimensional paper chromatography, and probably was either nonhydrolyzed protein or enzyme.
The homogeneity of the individual fractions was determined by two-dimensional paper chromatography. The spots observed in each fraction were compared with spots obtained from a chromatograph of the unfractionated supematant mixture. The unfractionated mixture contained 25 well-separated components, all of which were accounted for in fractions lB to 9 (Fig. 3) . Five components were found in fraction 9, four in fraction 2A, and three in fraction 2B, whereas fractions 3B, 7, and 8 each had two components. Fractions 1B, C, D, 3A, 4, 5, and 6 each contained a single component. A certain degree of overlapping of components occurred, particularly in fractions 4 to 8. Inspection of the ribonuclease sequence indicated that 20 peptide fragments should be obtained if only peptide bonds involving alanyl, aspartyl, and asparaginyl residues were hydrolyzed.
After the peptides in each fraction were determined, the fractions were acid-hydrolyzed and the DNP amino acids were extracted with ether (except DNP cysteic acid, which was found in the aqueous phase) and identified by two-dimensional paper chromatography. Eleven different DNP amino acids were identified in the individual fractions (lB to 8; see Table 3 ). Of these, cysteic acid occurred in four fractions, and serine and lysine were found in three fractions each. The positions of these amino acids in the ribonuclease sequence was examined to determine, first, their proximity to alanine, aspartic acid, or asparagine residues, and, second, the possibility of their being an N-terminal residue. The sites of hydrolysis of ribonuclease by the enzyme were determined from these comparisons. For example, serine will be used to illustrate the identification of the peptide fragments (Table 4) . Serine as its DNP derivative was found in fractions 3B, 4, and 8. Fractions 3B and 8 contained one additional peptide. Serine occurs in 15 positions in ribonuclease but, if only peptide bonds of alanyl, asparatyl, or asparaginyl residues were hydrolyzed, it could be N-terminal only in positions 15, 21, and 123. Serine would then occur in a tetra-, tri-, and dipeptide, provided that the next sequential alanyl, aspartyl, asparaginyl bond was broken. In fraction 3B, the aqueous phase revealed that threonine and serine were present. The ether extract of fraction 3B contained, in addition to DNP serine, DNP leucine. The sequence beginning at position 15 is Ser Ser Thr Ser. The only peptide that would yield a DNP leucine occurs as a tripeptide in positions 35 to 37 (Leu Thr Lys.). The tetrapeptide beginning at position 15 is the only peptide that would give DNP serine (N-terminal) and threonine and serine. Fraction 9, which was eluted from Sephadex G-10 much later, was found to contain only DNP derivatives of free amino acids; i.e., after subjecting fraction 9 to conditions of acid hydrolysis and ether extraction, no amino acids could be detected in the aqueous portion. The DNP derivatives of five amino acids-alanine, aspartic acid, asparagine (identified in a nonhydrolyzed sample), valine, and cysteic acidwere found in this fraction. From these data, the intracellular proteinase is interpreted as hydrolyzing peptide bonds involving principally alanyl, aspartyl, and asparaginyl residues to yield peptides of various sizes (Fig. 4) .
Oxidized B-chain insulin also was subjected to hydrolysis by the enzyme. Only four fractions were eluted from Sephadex G-10 (Fig. 5) . Fraction 4 was eluted after 1 liter of eluate was col- 
